The use of high intensity ultrasound to prepare micron-sized spheres from protein solutions is described and a series of biomedical applications developed. These microsphere have thin proteinaceous shells (=35m) in which the protein has been crosslinked by reaction of sonochemically produced H02e with cysteine residues to form disulfide linkages between protein molecules. The microsphere are less than 5~m in diameter and thus can be injected intravenously and are small enough to pass unimpeded through the circulatory system. We are investigating their use as a versatile pharmaceutical. Applications of these microsphere include in vivo MRI, drug delivew, and 02 transport.
Irradiation of liquids with high intensity ultrasound generates high energy chemistry through acoustic cavitation: the formation, growth and collapse of bubbles within the liquid (1). This collapse generates extreme temperatures and pressures within the bubble sufficient to break all chemical bonds. The primary site of reaction is the gas phase of the collapsing bubble, however, so macromolecules such as proteins are effected by sonochemistry in secondary reactions involving the primary sonolysis products of the volatiles present in solution, h aqueous media, the predominant sonochemistry is that of water itself, which produces hydrogen atoms (Ho), hydroxyl radicals (OH.), Hz, H202, and in the presence of 02, the hydroperoxyl radical (H02. i.e., protonated superoxide).
In our studies of the applications of ultrasound to materials chemistry (2), we have discovered a new chemical application of ultrasound: the sonochemical synthesis of protein microsphere with liquid cores (3). These microsphere are small enough to pass unimpeded through the circulatory system, and we are investigating their use as a versatile pharmaceutical. Air-filled microsphere made from human serum albumin have been commercialized by Molecular Biosystems, Inc. under the tradename Albunexm (4) . Applications of these microsphere to in vivo MN, drug delivery, and 02 transport have been rapidly developed (5, 6) .
The sonochemical synthesis of protein microsphere yields diameters of =2.5 pm at 20 kHz. The contents of these microsphere can be gas, aqueous solutions, or non-aqueous solutions. The microsphere shells can be made from a variety of proteins, including serum albumin, hemoglobin, horseradish peroxidase, Iipase, and pepsin. Transmission electron, scanning electron, and optical microscopy show spherical particles with a shell thickness of approximately 35 nm, or roughly six protein molecules thick, The mechanism of microsphere formation involves both emulsification and chemical cross-linking of cysteine residues between protein molecules from superoxide (H02.), which is produced from the sonolysis of water in the presence of 02 during acoustic cavitation, Figure 1 show the effects of specific chemical traps on the formation or stability of the microsphere. Dithioerythritol is a reductmt specific for the cleavage of disulfide @S-SR) linkages. Catiase is specific for the decomposition of Hz02. Superoxide dismutase is specific for the decomposition of HOZ*. Surprisingly, the fmctional and enzymatic properties of the protein shells are often unimpaired. For example, air-filled hemoglobin~) microbubbles possess many of the desired characteristics of a blood substitute. UV-vis and CD spectra show that the protein structure has not been altered significantly during the sonication process. The microbubbles retain their ability to bind oxygen reversibly and have oxygen affinities (Pl,z) 
